Many oncogenis and tumour suppressor genes found inside normal and pathological cells are fundamental for the processes of development, proliferation and tissue differentiation. The purpose of our study is to show the presence and a possible relationship of the VEGF protein during different phases of the development of human dental germ centers. After cephalometric investigation in 8 orthodontic patients with a mean age of 13 years, (4 females and 4 males), hyperdivergence of the third molars were extracted. The 40 surgical samples were tested with monoclonal human anti-VEGFs antibodies carrying out a semi-quantitative analysis to look for a positive reaction. Reaction for anti-VEGF antibodies was detected in normal embryological tissues and in microvessels near odontogenic cells. During different phases of embryologic development of the dental bud our search showed intracytoplasmatic positive immunoreactions both in the ameloblastic and odontoblastic cells. Additionally, a positive reaction was observed for the VEGF protein in the cells of the stellate reticulum and in those endothelial tissue surrounding the microvessels in all the samples examined.
Studies ofthe physiological and pathological events of tissue development, show a possible genetic influence at the tissue origin which is regulated by both intracellularand intercellularaction proteins (1-3) These genes are able to produce proteins which produce intracellular or extracellular actions that act as key regulators ofthe cellular cycle and tissues development (4) (5) The introduction of molecular biology techniques has favoured the study of some intracellular events under genetic control (1, (6) (7) (8) Studies of physiopathological tissue development have attempted to understand the different phases of tissue development and cellular mechanism that are under genetic control (6, 9) . The activation and the deactivation of gene groups determines the production ofprotein messengers able to control the mechanisms of development, differentiation and programmed cellular death (10) (11) 7) . These cellular processes are conditioned by their own metabolic demands relative to tissue vascularization; therefore, the angiogenesis factors have been considered crucial for bimolecular physiological and/or pathological processes of tissues development (1, (12) (13) (14) . Angiogenesis factor expression, including Vascular endothelial growth factor (VEGF), has been shown to be present during embryogenesis and carcinogenesis (15) (16) (17) (18) . Dental embryogenesis is a complex model, since the mesenchymal and the ectodermic tissues, in combination, contribute to the development of differentiation of different tissues and structures (19) (20) .
Various phases of tissue development and differentiation during tooth embryogenesis (21) (22) .
Both the deciduous and permanent teeth pass through a germ stage, a cap stage and a bell stage (23-24) During these phases, the ectodermic and the mesenchymal tissues show morphological and structural variations with the formation of different cellular typologies, including ameloblastic cells, odontoblastic cells, stellate reticulum cells, cementoblastic cells and osteoblastic cells (20, 22) . The formation of hard tissue takes places at the level of the incisal border or at the apex of the tooth cusp around the junction between enamel and dentine; and is preceded by a gradual differentiation of the epithelial and mesenchymal cells before the secretion of the protein matrix (22, (25) (26) . The differentiation continues with the increase in height of the mesenchymal cells and with the odontoblast cells assuming a cylindrical form with a basal pole and an apical pole (22, 27) . As the respective matrixes are produced, the ameloblastic cell layer and odontoblastic cell layer are gradually pushed away from each other (28) (29) . The beginning of the dentine formation is preceded by the osteoblastic cell differentiation. These cells are pushed away from the base membrane creating a non-cell area with odontoblastic cytoplasm processes and numerous thin filaments arranged perpendicular to the base membrane (22, 27) . The first sign of dentine formation is the increased density of the substance around the thin filaments in the area without cells (3, 21) . These processes are regulated by a fine genetic control capable of developing complex structures (1, 7, 8, 23, (27) (28) . In the tooth formation, the adequate amount of energy, which permits the regular development of the cells and the tissues, is very important (2, 7) . The formation ofa new vascularization is crucial for cellular differentiation and tissue development, as well as healing wounds, chronic inflammatory diseases and tumour development (2, 13, 27) .
The purpose of this research, was to evaluate the VEGF proteins present inside different tooth tissues during the embryogenesis of human dental germ centers.
MATERIAL AND METHODS
Eight patients (4 Females and 4 Males) between the age of 11 and 20 years (average age 13) were chosen, by the Oral Sciences Department of the University ofChieti. All subject were in orthodontic treatment for II and III class malocclusion, overcrowding and hyperdevergence overage SNAGoGn value of 38.5°. After an accurate anamnesis, an objective examination and informed consent, the patients underwent the surgical removal of tooth germ centers. Forty (40) samples (20 dental germ centers and 20 follicular sacks) were obtained. All samples were fixed in liquid nitrogen and placed at -80°C.
VEGF Western blot analysis
Determination of VEGF protein was performed by Western blotting of protein extracts from 5 dental germ centers and 5 follicular sacks.
Equal amounts of protein (50 ug), quantified by spectrophotometric assay from dental germ centers and follicular sacks, were separated by electrophoresis in a 7.5% sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE) (BIO-RAD, Hercules, California) and transferred at 4°C to nitrocellulose membrane (BIO-RAD, Hercules, California) in glycine-methanol buffer. Nitric oxide syntase-inducible form (iNOS) was detected by monoclonal antibody (Affinity, GB ), J3-actin was used as an internal control to correct for variations of different samples. Protein bands were visualized by a chemiluminescence detection system. (Amersham Pharmacia Biotech, UK Ltd. England).
VEGF Rt-PCR analysis
Total RNA from 5 dental germ centers and 5 follicular sacks was extracted using 1 ml ULTRASPEC-RNA (Biotecx, Lab., Inc. Huston, TX, USA). Reverse transcription was performed in a volume of 20 III containing: 1 ul M-MLVreverse transcriptase(Ambion Inc., Austin, TX, USA); 4 IIIdNTP; 2111 Oligo-dt; 1 IIIRNAse inhibitor, and Buffer rt-PCR (Ambion Inc., Austin, TX, USA), for 70' at 42°C. Polymerase chain reaction (PCR) amplification was performed using a Programmable Thermal Controller (MJ Research Inc., Massachusetts, USA). The MgCI 2 concentrationsused for human VEGF-cDNA amplification were 2.0 mM. The following primer pairs were used: 5'-TCGGGCCTCCGAAACCATGA-3' (sense) and 5'-CCTGGTGAGAGATCTGGTTC-3' (antisense) for human VEGF. The I)-actin was included as an internal control with the forward primer: 5'-GTGGGGCGCCCCAGGCACCA-3' (sense) and 5'-CTCCTTAATGTCACG-CACGATTTC-3' (antisense) (30) .
VEGF immunohistochemistry
The human dental germs at low grade of cell differentiation and follicular sacks (B zone) were fixed in 10% buffered formalin for 1 to several days and embedded in paraffin with TISSUE-TEX VIP E150 (Bayer). For each sample, 3 urn sections were obtained using a rotating microtome LEITZ 1512 and coloured with ematossilinaeosina (ematossilina of Mayer and eosin G. BIO-OPTICA).
The human dental germs at the initial phase of crown mineralization (A zone) were treated with a decalcifying protocol in a EDTA 3,7% solution with 7cc of HCl concentrated solution for 30-60 days. The samples thus obtained underwent dehydration using increasing concentrations of alcohol. Next they underwent dyaphanization with the BIO-CLEAR and, finally, were embedded in liquid paraffin. 3J.lm sections of all samples were obtained using a rotating microtome LEITZ 1512 and each sample underwent immunocoloration with the STREP.ABC method (streptavidina-biotin-peroxidase).To reveal the antigens a microwave oven was utilized with a 2,1% solution of citric acid (pH 6). The sections were incubated with primary monoclonal antibody anti-YEGF (1: 100 Saint Cruz) for 30 minutes at room temperature. The immunoreaction was completed with STREP.ABCperoxidase using "Super Sensorial Immunodetections System" (BIO-GENEX) and a multi-link as the secondary biotinilate antibody. After incubation with a chromogen (DAB liquid substrate pack), they were treated with Mayer Ematossilina and evaluated using LEICA DMRB optic microscope.
Image processing, analysis system and statistics
The densitometric analysis was performed using a ChemiDoc™ XRS system (BIG RAD Laboratories inc) determiningthe change in integratedoptical density (LO.D.).
For the immunohistochemistry,the areas were chosen at random and recorded. For data processing, each experimental frame was digitized into 512 x 512 pixels.
The results were expressed as mean ± SD. Statistical analysis was performed using the analysis of variance (ANaYA). Probability of null hypothesis of <5% (p<0.05) was considered statistically significant.
RESULTS
A first investigation was carried out, through RT-PCR and the western blot to elucidate the presence of mRNA and VEGF protein, in the pulp and follicular dental sack. The results ofRT-PCR showed the presence of VEGF in the pulp as well as in the follicular sack ( Fig. lA) and they were confirmed by western blot (Fig.  IB) . The results of the RT-PCR and of the Western blotting were quantified by desitometric analysis and are shown in Table 1 . A second investigation was carried out to determine the location of the VEGF using immunohistochemistry. Examining the human dental germ centers in the initial phase ofcrown mineralization revealed moderate intracytoplasmic expression of the VEGF protein at the endothelial level of the blood vessels ( Fig. 2A) (Table II) . A moderate VEGF intracytoplasmic immunoreaction was also expressed by the cells of the stellate reticulum ( Fig. 2 B) , as well as the odontoblastic cells (Fig. 2 Ca) and the ameloblastic cells ( Fig. 2 Cb) , with moderate intensity .
The samples of human dental germ centers at low grade cell differentiation and follicular sacks, showed strong intracytoplasmic expression for the anti-VEGF monoclonal antibodies in the endothelial cells of the blood vessels ( Fig. 2D ). 
. The immunohistochemical analysis was carried out on tissue using an anti human-VEGF monoclonal antibody. In an initial phase ofmineralization ofthe crown, the VEGF protein was expressed in the vascular endothelium (A) in a moderate concentration. The stellate reticulum cells (B), odontoblastic cells (Ca), and the ameloblastic cells (Cb) show a similar expression. The samples examined showed a low degree ofdifferentiation. The follicular sacks, however, showed, intense intracytoplasmatic expression of VEGF protein(D,) in the endothelium cells. The stellate reticulum cells ofthe follicular sack were also strongly positive (E) as were the fibroblast in which a strong intracytoplasmatic reaction was observed in the ameloblastic cells (Fa) and odontoblastic cells (Fb)
. All the samples were tested using an an anti-human VEGF monoclonal antibody GF (Santa-Cruz, California, USA) and the results evalued through a densitometric analysis, are shown in Table 11 . Table I . Results of the densitometric analysis ofsamples ofhuman tooth germ center through the study of the VEGF protein using WE. and mRNA -VEGF using RT-PCR. (1= pulp; 2= follicular sack) (the values refer to an arbitrary scale).
In the same samples, cells of the stellate reticulum were observed that appeared strongly positive for the VEGF (Fig. E) . A very intense positive result was observed inside the fibroblastic cells (Fig. 2 F) . The immunohistochemical intracytoplasmic reaction was strongly evident in the ameloblastic cells (Fig. 2 Fa) and in the odontoblastic cells ( Fig. 2 Fb) of all the samples of human dental germ centers at low grade cell differentiation and the follicular sacks that were examined.
DISCUSSION
Biomolecular mechanisms of proliferation and differentiation inside many tissues were studied with various methods to apprise gene interactions and molecular relationships. Among the manifold methods used, immunohystochemical evaluation using monoclonal antibodies found the presence of specific proteins of genetic derivation inside tissues. In the tissue development processes, particular attention has been given to the biomolecular mechanism of vasculogenesis and angiogenesis in research on the neoplastic proliferation. Angiogenesis has been considered the only mechanism of blood vessel postnatal formation. It is the process by which new blood vessels develop via "sprouting" from pre-existingblood vessels (31) . Vasculogenesisdevelops in the embryonic tissues through the in situ differentiation of endothelial progenitors or angioblasts (32) forming immature blood vessels inside the mesenchimal tissues (33) . A vascular network is crucial for the development and the maintenance of embryonic, normal and neoplastic tissues (15, (34) (35) . In 1971, Folkmann showed that the growth, survival and expansion of a solid tumour depend largely on the vascular system and that angiogenesis was crucial for the growth of both primary and metastatic tumours beyond 1 or 2 mm 3 (14, 16, 33) . Numerous molecules have been linked to the presence and formation ofa vascular network inside normal, neoplastic and metastatic tissues (2, 13) .
Vascular Endothelial growth factor (VEGF) is an interesting genetic protein involved in the development and maintenance of an efficient vascular network. The VEGF expression has been found in normal and pathological tissues through immunohystochernical and in situ hybridization methods (7, 37) . Also, the VEGF protein is increased in many human tumours. The VEGF expression has been associated with an increased risk of metastasis in certain malignant tumours and it supplies important prognostic information in many malignancies (7, 38) . In the present study VEGF was detected in different embryological tissues during differentiation and proliferation processes using a complex model of the human tooth germ at the initial stage of crown mineralization.
With a semiquantitative analysis, the presence of monoclonal anti-VEGF antibodies was observed in all samples of tooth in the initial phase of crown mineralization. Nevertheless, a different expression intensity was shown in the follicular sacks in comparison to the dental germ centers.
In the dental germ centers, medium VEGF expression was observed both in the endothelial layer of blood vessels, stellate reticum cells, odontoblastic cells and ameloblastic cells.
Inside the follicular sack samples a strong expression of monoclonal antibodies anti-VEGF was seen in the endothelial cells ofblood vessels. In the same samples the stellate reticulum cells showed an intense a VEGF expression similar to the one inside the fibroblast cells. High intracytoplasmic expression ofVEGF was observed in the ameloblastic and odontoblastic cells of all the samples of follicular sacks examined (Table II) . Such results confirm that the Vascular Endothelial Growth Factor (VEGF) acts as an important mediator of vasculogenesis during the development ofthe tooth germ centers. The differences in VEGF expressions were found in the follicular sacks compared to tooth buds in the initial phase of crown mineralization. This could suggest higher vascularity.The intense VEGF expression during proliferation or differentiation of embryonic tissues may indicate that angiogenesis is induced for maintenance and growth.
